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General
Unless otherwise indicated, all reagents were purchased from commercial sources and used without further purification. And deuterated solvents were purchased from Aldrich. Refinement of the mixed system through Column chromatography which was performed on silica gel (200-300 mesh) with petroleum ether (solvent A)/ethyl acetate (solvent B) gradients as elution. In addition, all yields were referred to isolated yields (average of two runs) of compounds unless otherwise specified. The known compounds were partly characterized by melting points (for solid samples), 1 H NMR, and compared to authentic samples or the literature data. Melting points were measured with a RD-II digital melting point apparatus and were uncorrected. 
General procedure for the Pd catalyst 1
A mixture of Pd(PPh 3 ) 4 (260 mg, 0.225 mmol), tetra (ethylene glycol) (418 mg, 2.20 mmol), 1-butanol (3 mL, 32.7 mmol), and aluminum tri-sec-butoxide (9.50 g, 38.5 mmol) was stirred at 110 o C for 10 h. Then water was dropwise added and the system was stirred at 110 o C for another 0.5 h to form a black gel. Subsequently, filtering, washing with acetone, and drying the gel gave the catalyst 1 at room temperature as dark greyish-green powder (See Scheme 1). We also investigated the effect of temperature, solvent dosage and catalyst loading on catalytic efficiency. Temperature was an important factor in providing high yields. 25 o C was found to be superior in this reaction ( 
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When the catalyst loading was reduced from 0.2 to 0.1 mol% Pd, the highest yield was obtained ( 
Optimization for the coupling of 4-methoxybromobenzene with potassium phenyltrifluoroborate
Subsequently, the Suzuki-Miyaura reaction of aryl halides with potassium phenyltrifluoroborate was also investigated. Our work commenced with a preliminary survey of the reaction conditions using 4-methoxybromobenzene as benchmark substrate. As shown in Table 3 , different solvents were firstly screened at 60 o C. H 2 O, 1,4-dioxane and DMF gave traces of products and no conversion was observed with DMSO as the solvent (Table 3 , entries 4, 6, 7 and 5). Although low yields were obtained in MeOH, EtOH and PEG-200, the latter exhibited somewhat better result and had the advantage of high boiling point (Table 3 , entry 3 vs. 1 and 2). Bases have significant effects on the reaction yield. Thus, in order to obtain better results, a series of bases were examined at 100 o C.
Strong bases KOH and t-BuOK gave only 30 and 22% yields, respectively (Table 3 , entries 8 and 9). Lower yields were provided with K 2 CO 3 , KF and K 3 PO 4 ( Table 3 , entries 10-12). It was found that KOAc was the best choice in terms of the yield (Table 3, entry13) . Moreover, the yield of the product decreased markedly to 32% in the presence of NaOAc. We also investigated the effect of catalyst loading, temperature, solvent dosage, amount of TBAB and base, and ratio of 3a/2a on the yield. The investigation of catalyst loading showed that 0.18 mol% Pd was the most suitable. Neither increasing nor decreasing the amount could improve the yield (Table 4 , entry 3 vs. 1 and 2). The brief screening of temperature proved 90 o C to be the optimal (Table 4 , entry 4 vs. 3 and 5). When 1.0 mL PEG-200 was replaced by 0.5 mL, the reaction was improved significantly to give 4l in 74% yield (Table 4 , entry 7). It was found that the influence of TBAB on the reaction yield was minimal (Table 4 , entry 8 vs. 7). 4.0 equiv of KOAc indeed gave a slightly improved result (Table 4 , entry 10 vs. 8 and 9). When the ratio of 3a to 2a was 1:1, the best yield (90%) was obtained (Table 4, (Table 3 , Entry 6) 4ac [6] R f = 0. 3-(2-Thienyl)thiophene (Table 4 , Entry 11) 4ai [16] R f = 0. 
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